We report on functional properties of Y(Ni 0.5 Mn 0.5 )O 3 epitaxial thin films, growth by pulsed laser deposition, observing clear features of its ferroelectric and ferromagnetic nature at cryogenic temperature. Temperature-dependent complex impedance spectroscopy (IS) characterization has shown a dielectric anomaly around the ferromagnetic Curie temperature ( 100 K) indicative of coupling between magnetic and electric orders.
However, most of the single-phase multiferroic materials studied up to now are antiferromagnetic and ferroelectric, and those showing ferromagnetism (FM) instead of antiferromagnetism (AFM) are still few working below room temperature, (BiMnO 3 (BMO)), [5] [6] [7] and GaFeO 3 8 or at room temperature ε-Fe2O 3 9,10 [13] [14] [15] presenting the evident disadvantage of controlling the stoichiometry during the grow, or complex oxides without significant magnetoelectric coupling 16, 17 . Thus research should focus on high temperature ferromagnetic ferroelectrics, where magnetoelectric coupling is intrinsic.
The design of double perovskite materials can overcome the mentioned challenges 18 .
Tailoring the (A 2 BB [19] [20] [21] [22] [23] [24] [25] and the ferromagnetic La 2 NiMnO 6 [26] [27] [28] [29] [30] [31] [32] [33] [34] .
Remarkable enough, BNMO thin films present both ferromagnetic and ferroelectric orderings in the same crystalline phase 35 , with a relatively high ferroic order temperatures (T FM ≈140K 20 , T FE ≈485K). These results place double layered perovskite as interesting materials that may fulfil the mentioned functionalities, meaning having both ferroic orders related and high order temperatures.
Bulk Y 2 NiMnO 6 (YNMO) is a ferromagnetic (FM) below (T FM ) 79K with a P2 1/C monoclinic structure. The YNMO perovskite has been synthesized and their ferromagnetic ordering reported 36, 37 . Thin films of YNMO have been also obtained with discrepant structural and magnetic results [38] [39] [40] [41] , and it has been discretely referred as a ferroelectric-ferromagnetic perovskite in some studies 42, 43 , although, no direct experimental confirmation of its ferroelectric nature has been yet reported in the literature 44 .
In this paper, we focus on the multiferroic properties of YNMO perovskite epitaxial thin films grown by Pulsed Laser Deposition(PLD). We will investigate two set of films in [45] [46] [47] [48] ). Note that using this technique; we only have access to measure dielectric permittivity () and polarization (P) contributions along the out-of-plane axis of the film.
Dielectric Leakage Current Compensation (DLCC) 49 and Positive-Up-Negative-Down method (PUND) 50 techniques were used to ascertain for the ferroelectric nature of the films 46 using a high frequency I-V meter (TFAnalyser2000, aixACCT Co.). Briefly, in DLCC two I-V loops at the nominal and half of the nominal frequency are recorded, and the leakage is subtracted assuming that it is frequency independent. In PUND the current is measured while applying -++--voltage triangular pulse sequence, switchable polarization is obtained from the integration through time normalized to the electrode area of the current resulting from the subtraction of the current measured at the second (P-pulse) from the one measured at the third (U-pulse) and the one of the fourth (Npulse) one from the one of the fifth one (D-pulse). These measurements are described in detail in 46 .
Dielectric permittivity data have been extracted by means of Impedance Spectroscopy (IS) measurements. An impedance analyser (HP4129LF, Agilent Co.) was operated with excitation voltage of 50 mV at frequencies ranging from 10 Hz to 9 MHz.
Impedance data have been analysed in order to extract the intrinsic dielectric permittivity of the film, as further described in this article, following analyses described elsewhere 51, 52 .
Low temperature and under magnetic field measurements have been carried on a cryostat equipped with a superconducting magnet (Physical Properties Measurement System (PPMS), Quantum-Design Co.) Figure 1 shows the presence of (00l) family of planes reflections for the sample grown on STO(001) (Figure 1(a) ), and (lll) for the one on STO(111) (Figure 1(b) ). It can be also observed that there is no presence of any spurious phase meaning that the films are single phase. More detailed morphological and structural characterization can be found elsewhere 40, 53 , in which similar films are shown to be fully textured and epitaxial.
Summarizing, the use of two different substrate orientations has allowed to obtain YNMO(001)/Nb:STO(001) and YNMO(111)/Nb:STO(111) films. The extracted lattice constants and unit cell volume are summarized in Table 1 . Further analysis in terms of ferroelectric characterization has been performed using PUND. In Figure 3(a) , the current versus electric field loop measured at 10kHz and 5K
after PUND subtraction is plotted. Clear ferroelectric current peaks are visible, further confirming the ferroelectric nature of the material. In Figure 3 In the low frequency contribution the extracted permittivity is as high as ≈500 for both samples, which is extremely high and differ in large amount from the already reported values denoting its extrinsic origin 37 . Therefore, it has been ascribed to interfacial extrinsic effects, as observed in other detailed studies in similar materials 51, 52 . The high frequency contribution has been ascribed to the intrinsic dielectric behaviour of the film In Figure 5 (c), we show the normalized M(H)/Mo loops recorded at 5K, confirming the ferromagnetic nature of the films, which results from the ferromagnetic coupling between the adjacent nikel and manganeses ions. Mo is the saturation magnetization at 5K: for YNMO(001) and (111) films is 4.35µB/f.u. and 3.37µB/f.u., respectively It is important to remark that for B site ordered Y 2 (NiMn)O 6 , the expected magnetic moment is 5µB/f.u, however, the maximum experimental value reported to date is closer to 4.5 µB/f.u. The experimental value of our films represent a magnetization of 87% for YNMO(001) and 67% for YNMO(111) of the theoretical bulk value. The observed magnetization reduction can be attributed to a non-ideal order of Ni-Mn ions.
In Figure 5(d) , it is displayed the magnetisation versus temperature dependence under a magnetic field cool of 100Oe. From the figure, it can be inferred that the Curie temperature is around 100-105K, for both films which is significantly above the 79K
reported in bulk studies [36] [37] [38] .
With The found remanent polarization of P r(111) ≈3 µC/cm 2 , corresponds to a projected component from the total polarization on the b-axis of 5µC/cm 2 , using the as follows relation P r(010)= P r(111) / cos /√( 2 + 2 + 2 ). As a result, the polarization along the baxis of YNMO (P r(010) ) is near the double of the predicted values, which could ascribed to the discrepancy between the lattice parameters and strain measured in our films (Table 1 )and the bulk values used in the theoretical predictions, keeping in mind that the P r(111) ≈3 µC/cm 2 could still have leakage contribution 46 . However, It can be also argued that the observed FE response, follows a scenario closer to the one described for Sm 2 NiMnO 6 in the same article, in which the applied external electric field generates a displacement on the oxygen atoms, breaking the centrosymetry of the material and thus promoting localised E*-type AFM regions in the sample. Nevertheless, such scenario would mean that the switchable area would remain under 50µm, as the electrode itself, making it very difficult to test experimentally using macromagnetic detection.
Nevertheless, the found dielectric anomaly (being signature of some electric transition)
is closely positioned around the T FM of the films, indicating the presence of magnetoelectric coupling more pronounced at transition temperatures 5 , this suggests that the magnetic ordering is responsible for the observed dielectric peak and concomitantly the ferroelectric order found at low temperature. 
